
DA-1R523801A301 AD I
AMCMS Code: 5523.3..62500
HDL Pro.1: 36500

TR-1 356

'0CONSTRUCTION DETAILS OF HDL
ARTILLERY SIMULATOR (PROTOTYPE)

by
IHarold R. Martin

August 1967

Best Available Copy

U.S. ARMY MATERIEL COMMAND

HARRY DIAMOND LABORATORIES
WASHINGTON. D.C. 20438

DISTRIBUTION Of THIS DOCUMENT IS UNLIMITED



CONTENTS

Page No.

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . .

I, INTRODUCTION. .. . . . . . . . . . . . . . . . . . . . . . 5

2. GUN . . . . . . 5

2.1 General ........... ....................... 5
2.2 Supply Tank .......... ..................... 7
2.3 Release Assembly .......... .................. 7
2.4 Gun Tube ...................... 11

2.5 Diaphragm Assembly..................ii
2.6 High-Pressure System ...... ......... .1

2.7 Vacuum Systems ........ .................... .15

3. SPINNER . . . ............... ...... 15
3.1 General ..........................
3.2 Information Pickup. ................. 20

3.3 Motor, Drive, and Controls .... . ........... 20

4 TEST VEHICLE ........................ 21

5. REFERENCES. .... ......................... 21

DISTRIBUTION. . . . . . . . . ............... 23-26

ILLUSTRATIONS

Figure

1. Schematic of system ....................

2. Supply tank and auxiliary equipment ............. . 8

3. Release assembly, ..................... 9

4. Sectional view of release assembly ...... ........... 10

5. Diaphragm assembly ....... ................... .12

6, Sectional view of diaphragin assembly ............... .13

7. Helium compressor with reservoir .... ............. .14

8. Control equipment, instrumentation, and vacuum pump . . .16

9. Spinner, drive system, and catch box ..... ........... 17

10. Sectional view of spinner ........ ................ 18

ii. Test vehicle, plywood blocks, 9nd metal slug. .......... 19

3



ABSTRACT

r esign data are presente! on a prototype artillery simulator
consisting of a 2-in. gun, a rotating tube or spinner, and auxiliary
equipment. The system simultaneously applies linear and angular
accelerations to a test vehicle to simulate the accelerations of an
artillerv round when fired from a rifled weapon. The spinner is
designed to conduct one ch'nnel of electrical information from a
component during a test.

, + INTRODUCTION

A system has been built for laboratory testing of fuzes or
fuze components in a simulated artillery firing environment (fig. 1).
The system differs from previous ones offering high acceleration
or setbacl: in that it also simultaneously provides high angular ac-

celerations and velocities, by catching (decelerating) a high-veloc-

ity test vehicle in a rotating tube.

The initial high velocity is imparted to the test vehicle using
a gun with a 33-ft long barrel and a 2-in. bore. The test vehicle
with 0-ring seals is placed in the breech and is held by a retrac-
table firing pin. The muzzle is sealed with a cellulose acetate
diaphragm and the barrel is evacuated. Pressure is applied using
either air at atmospheric pressure or helium at pressures to 1000
psig. When the firing pin is retracted, the test vehicle is shot
down the barrel through the diaphragm.

TWo light-gas guns have heen built at HDL (raf" ' a.,,; 2). in-
for.iint.,on gained in the construction and operation of those guns
was uzsed in the design of this gun.

The spinner in which the test vehicle is decelerated is a
tube 44-in. long with an inside diameter of 2 in. It is supported

by bearings at the ends, is mounted in a heavy steel frame, arid is
belt-driven by a variable speed motor.

The nethod of operation and the initial results )f the experi-
ments with thv simulator are covered in reference 3.

2. GUN

2.1 General

The principal components the gun are a supply tank,

a relea. asem±y, % gun tube, and a ".aphragm assembly. Support-
ing equipment Inrcludes a high-pressure system and two vacuum systems.
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The test item is contained in a test vehicle, which is held by a
retractable pin in the barrel of the release assembly. .n reiease

assembly barrel is the breech of the ,un tube. The diaphra., as-
semblv is mou,,tea at the muzzle of the gun tube with O-ring seals.

A vacuum pump effects a vacuum in the gun tube prior to firing the

test vehicle.

c 4 vei,.i.e can be propelled in cf two w:;, W nding

upon the velocity desired. With the tube evacuated, atmospheric
air may be used to propel the vehicle upon release. To meet higher

velocity requirements, pressurized helium may be used. To use this

method, the supply tank is attached to the assembly. Air in the
tube and tark are evacuated with vacuum pumps. Helium is introduced
into the supply tank to a pressure necessary to produce the proper

velocity. A high-pressure compressor may be used to increase the

pressure of the helium in the supply reservoir.

2.2 Supply Tank

The capacity of the supply tank (fig. 2) is 3.2 cu ft.
Although tho supply tank was not designed specifically for this
job, it has proved adequate. It consists of an 11-in, diameter

cylinder 45 in. long with dished end caps welded to each end. The
wall is 1/2 in. t' Vck throughout. The tank has been hydrostatically

tested to 3000 ps.,. An adapter with a flange to match the flange

of the release assembly has been fitted to thi discharge end of
the tank. The inside diameter of the adapter is 2 in. Supply

lines, a 1000-psi compound gauge, and fittings for the vacuum pump

complete the tank complement.

2.3 Release Assembly

The release assembly (fig. 3 and 4) is designed to retain

the test vehicle against a maximum supply tank pressure of 1000

psig. It consists of a 2-in. i.d. tube in. long with flanges, a
support shell for a retractable pin co :ted to a piston, and a
cylinder. The piston is air-actuated; an electrical solenoid actu-
ates the valves supplying air to the pisf n. The pin, made from
3/8-in. diameter drill rod, extends approximately 1/2 in. into the
side of the tube, and is sealed Ly an O-ring and vacuum ol1. It
was plated with electroless nickel to provide a low-friction sur-
face to minimize sticking.

The air cylind _c is flush-mounted and contai,; a double-
acting piston 4 in. in diameter. The stroke of th( piston is I in.
End cushions within the cylinder minimize shock when the piston is
actuated. The valves of the air cylinder are actuaiod by an elec-
trical solenoid operating on 117 V ac. The air supplied to the
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v alIves to ac tu ate thI ic -s t n i s regulI ate d at 8G~ j- ig Th e c r tr roI
swi tch for the solenboi d connected to the air Inpu t va 1 ves a' so cn-
ergize- a libricator solenoid which actuates a1 luhuna t iOnl systen'

for the pi ston and rod wh i !e they, are operat ing.

The solenoid fbr the assembl 1 is normal ly -et so that the
firi ng pin blocks passage of the test veb ie. Pro'- 'g the ck) -

trol switcli on firing act ivates the soleiioid, momentarily w ithdra -

ing the pin from the tube, releasing the vehicle.

2 .4 Gun Tube

The 33-ft long tube for the gun (fig. 2) wkas made from
two sectionsz of seamless steel tubing joined together with a collar
welded to each tube. The tut!)e had a 2-in, inside diameter and
1/4-in, wall thickness. Fl 'uges were ,selded onI, each cud of the
tube to match the flange , of the release ' et~v and the diaphragm
asseiblv . Al though a co--.er-iat c:arbon tc 1tube was used , the(

advantai, s of using a corro,,ion-resistint material, ,tiuch as stain-
iess steel, warrant : consideration.

2.5Dihrimssbl

The uapanragrm assomhl. (fig. 5 and 63) is 11ol ted to a
flanIlge at thc muzzle end of the gnum. Part of ',he asc:.b yi a
e mo, ab I,. cI-11 used t o holId a ia"i g.fCC 2ls c it 5 !Ils

thi.7k in plaice. Ihe ic, ran wvhich is ruptl:red 1,Y th' hi(v N as

ileaves thle gun, is replalced after, each 'est.

0--l. ugs Aitth a utbe ueIan ! sed to) ASSUre aI!
et ~ ~ ~ Ietocsa Te~i~ dqu"ate to,"m Ie"i evca.tg 'le tubhe

to a pre ssure of Cto 100) .,i. The t'-ima.L quan t t. of all, re ma I
ug in the tabe at the time of firin is kiuese o!.. frtofth

test vehicle. A- thle veb c le appr a'hes thelapram the air "An
'IXP.and Into (lie cavlIt v inI the assv-!i v. 7Th :s avoid'. prema1.ture
rupt uring of the d113plir'IV7: Ind a.'0" *o11te C t to se;Ver the' d a-

ph r ag Kr ea 3.1vY

ThenI t v-fourv he]t;- uu cvi ude e arrainged in' fou"r go s

six each arc s'd t(k et nj req n IrT- en. . I tttpre S2re Is
b Iut I 'W1 ps I g in " '' In k- cv de~'' SU ply -1 731bf'I; I o fo ear

1a.,k t,, a comlpressor (fg. 7). Tb.ho~peo Il~srha;'gk , 'tt .i

:e ~ervoi r .t a-uxtu pressure o'f 23000 p'" g. Stn table pI~ nJ
control v'alvyes halve ltevn lnst~il~ atNItsup " e frz the g'

it he"~ fro tl
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Figure 7. Helium compressor with reservoir.
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2.7 Vacuum Systems

It ir necessary to remove the air from the supply tank
for the gun prior to charging it with helium, to minimize dilution.
MTe vacuum pump (fig. 2) used for this purpose removes the residual
gas from the tank until the reading on the compound gauge stabi-
lizes near 30 in. Hg vacuum.

A second vacuum pump (fig. 8) is used to evacuate the
tube of the gun. A Pirani vacuum gauge is used to monitor the

pressure within the tube prior to releasing the test vehicle. A
pressure of 10 to 100 p Hg is obtained before the vehicle is re-
leased,

All mating joints throughout the gun are sealed by 0-
rings with a suitable lubricant.

3. SPINNER

3.i General

The spinner (fig. 9 and 10) is approximately 44 in. long.
It is a tube with an inside diameter of 2 in. The selection of the
2-in. bore was a compromise involving two factors: the larger the
tube diameter the fewer the limitations on test component size;
however, a higher rotating speed is obtained with a smaller tube
diameter because imbalance is minimized. A sheave is machined in
the tube for a V-belt drive. A variable-speed 2-hp motor is used
to drive the tube at the desired rate. The top speed of the motor
limits the spinner to 5400 rpm. Plans for the future will include
a larger motor and improved bearings on the spinner to increase
its speed.

The tube rotates in 65-mm heavy-duty permanently liibri-
cated bearings. The bearings are held in heavy metal suppors at
each end of the tube. The supports are firmly attached to a steel
plate ij in. thick, 8 in. wide by 40 in. long. The plate is
mounted with adjustment screws to align the spinner with the muzzle
of the gun. The distance from the muzzle of the gun to the spinner
is approximately 14 in. This gap is used to disperse the gases
behind the test vehicle.

The test vehicle is decelerated and stopped in the spinner
within v few inches after impact with plywood blocks and a metal
slug (fig. 11). These blocks absorb some of the energy of impact,
and the remaining energy is transmitted to the hexagonal metal slug
of predetermined mass. The metal is covered with a Teflon jacket

15
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for electrical insulation. The hexagonal shape of the metal allows

air in front of the vehicle to pass around the metal slug. The wood

blocks and the metal slug are ejected out the back of the spinner
into lead plates in a catch box (fig. 9). The linear movement of

the test vehicle is changed to the rotational speed of the spinner

• en its deceleration at impact.

The linear velocity of the vehicle into the spinner and
the velocity of the metal slug out of the spinner is checked by the
interruption of beams of light to photomultiplier tubes. The aper-

tures in each unit are 12 in. apart. There are two such units
(fig. 9). The electrical information is sent to the time-of-flight

counters (fig. 8).

3.2 Information Pickup

The central portion of the spinner consists of two semi-

circular tubular sections designed to pick up one channel of infor-
mation from the test vehicle. The sections were m-de by cutting
an aluminum tube lengthwise. They have a wall thickness of 1/4 in.,
are 30 in. in length, and are held rigidly in position by epoxy tG

insulate them from the steel casing of the spinner and from each

other. The thic" iess of the epoxy is 1/16 in. longitudinally

between sections, 1/8 in. at each end of the sections, and 1/4 in.
between the outer surface of the sections and the inner surface
of the casing.

Two insulated lead wires pass through holes in the spinner

casing 180 deg from each other connecting each section to a slip-

ring. The sliprings and brushes are mounted adjacent to the bearing
support at the entrance end of the spinner. The electrical infor-
mation to each -f the sliprings is picked up by three connected

brushes; a set of three is used to minimize the effect of vibratioL.

A lead wire from each of the brush assemblies to appropriate in-
strumentation completes the electrical circuit. An oscilloscope
with camera and/or a recorder are used to collect the test data.

A single brush contacts a machined groove on the outer
surface of the spinner. This brush has been mounted on a supp rt
stand and is wired to ground the spinner (fig. 9).

3.3 Motor, Drive2 and Controls

The spinner is driven by a 2-hp d-c motor. The speed of
the spinner is limited by the motor to 5400 rpm and iq controlled
by an autotransformer. The spinner has a machined flat spot on
its outer surface for use with a variab]e re'luctance pickup. The
rate of the impulses representing rps is vJserved on an electronic
counter.
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The driven pulley is located just adjacent to the bearing

support at the exit end of the spinner (fig. 9). It is machined

as an integral part of the spinner casing. The motor drive system

accommodates a 5/8-in. standard fiber V-belt on 17-in. centers.
Each pulley has a pitch diameter of approximately 34 in.

4. TEST VEHICLE

One type of test vehicle is tubular with closed ends, has a
groove at each end for an 0-ring, is about 2 in. in diameter, 4 in.
I-rig, and weighs from 1 to 2 lb (fig. 11). The front cover is re-
movable for easy insertion of the test item. The vehicle has a set
of contacts 180 deg apart that move outward against the inside wall

of the spinner when linear deceleration and angular acceleration
are imposed upon impact. It is essential that each contact come

to rest on a tubular section if electrical irformation is required
from the item undergoing test. The vehicle is insulated to avoid

shortig the sections.
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